The absence of palmar digital triradius d was examined in Japanese twins and their parents. The frequency of the absence of triradius d on the left palm (0.9~) was significantly higher than that on the right (0.1 ~), but no sex difference was found. Higher concordance in monozygotic twins (15~) than in dizygotic twins (0H) and recurrence in families revealed that this trait is genetically determined, although a considerable environmental influence was suggested and the mode of inheritance could not be determined. The manifestation of the absence of triradius d is related to the shifting of main line D towards the ulnar side.
INTRODUCTION
Among the four palmar digital triradii, triradius c is often abortive or missing. However, the absence of the other triradii, i.e. a, b and d, is very rare in normal individuals. There have been reported three pedigrees in which absent triradius d was observed familially (Holt and Sharma, 1977; Abdullah, 1979; Wertelecki et al., 1980) . In the other pedigrees reported (Hajn and Pospisil, 1971; David, 1978; Roche et al., 1979) , however, the absence of triradius d was found in only one member of each, and the inheritance of this trait was uncertain.
Relatively high frequencies of absent triradius d were reported in the Japanese (Kasai, 1951) . Sharma (1979) suggeste d that the trait appears more frequently among Mongoloids than Caucasoids. For Negroes, Rosa (1979) reported a relatively high frequency in Kenyan samples. Therefore, the absence of the digital triradius d is of interest in the field of dermatoglyphics.
In this paper, the absence of triradius d was studied genetically among Japanese twins and their parents, and, in addition, the relationship of this anomaly to the termination of main line D was examined.
MATERIALS AND METHODS
The subjects were 1,010 pairs of normal Japanese twins and both parents of 418 of these pairs. The twin samples consisted of 381 pairs of male and 363 pairs of female monozygotic (MZ) twins, 92 pairs of male and 87 pairs of female likesexed and 87 pairs of unlike-sexed dizygotic (DZ) twins. Therefore, 1,451 males and 1,405 females were examined in total. The twins were those who applied for admission to the Junior High School attached to the Faculty of Education, the University of Tokyo, between 1950 and 1979, and were unselected except for place of residence and school achievements. Palm prints were recorded with black ink on white paper and filed at the Twin Register (Tokyo 12-year-old Twin Register) in the Institute of Brain Research of the same university. The zygosity was determined by serological and anthropological examinations (Inouye, 1956; Inouye, 1962) .
RESULTS

Frequency of absent triradius d
On the palm with an absent triradius d, the ridges are arranged in an arciform at the base of digit V without forming a triradius (Fig. la) . Occasionally, however, transitional types including those with abortive triradius are found. In this paper, a slight ridge disarrangement as shown in Fig. lb was also classified as an absent triradius d.
The numbers of individuals lacking triradius d on both palms, the right, and the left palm, as well as those with intact triradii d, are shown in Table 1 . The absence of triradius d was found on 13 left palms in 1,451 males and on 14 left and 3 right palms in 1,405 females. Among these, transitional types were recorded on 3 left palms of the male and 3 left palms of the female subjects. As seen in Table  1 , no sex difference was observed. The combined male-female frequency was 27 (0.9~) for the left and 3 (0.1~) for the right palm, and the difference is statistically significant at the 0.1~ level (~z=17.72 after Yates' correction). The absence of triradius d on one or both palms was found in 28 individuals (1.0H), including both twins in 2 MZ pairs and both a parent and a child in 2 DZ twin families.
Comparison of twins
Absent triradius d was compared between twins for the left and the right palms separately and for both palms together ( Table 2) . As no sex difference was found, males and females were pooled in this analysis. Among MZ twins, the absence of triradius d was observed in 13 pairs, but was concordant in only 2 of them: in 1 pair on the left palm of both twins and in the other on the left in one twin and on both in the other twin. In the remaining 11 pairs, the absence was discordant and found only in one twin. Among DZ twins, the absence of triradius d was found in 6 pairs, but in only one twin of each pair.
The rate of concordance for the absence in MZ twins (2/13, 15~) was higher than in DZ twins (0/6, 0K), though the difference was insignificant @=0.45 by Fisher's direct method). The low concordant rate observed in MZ twins suggests a strong influence of environmental factors on the manifestation of the trait.
Recurrence in children and parents
In 418 families, both the parents and their twin offspring were examined (Table  3 ). Among 411 families in which both parents were unaffected with the absent triradius d, this trait was found in a twin in 7 families and in both twins in 1 family. In 7 families in which one parent was affected, the absent triradius d was observed in one of twins in 2 families. In no family were both parents affected. The recurrence ratio in twin individuals obtained from 7 families with one affected parent is 2/14 (14.3~), and that from 411 families with unaffected parents is 9/822 (1.1~). The difference between these two values is significant ()~2 =9.68 after Yates' correction, p<0.01). Similarly, the recurrence ratio in parents obtained from 10 families with one or two affected twins, 2/20 (10.0~), and that from 408 families with unaffected twins, 5/816 (0.6~), presented a significant difference (p=0.01 by Fisher's direct method). As the recurrence ratio in the families having an affected person is higher than in those without affected ones, it is suggested that the absent triradius d is, to some extent, determined genetically,
Association of absent triradius d with the termination of main line D
Of 28 individuals with absent triradius d, the trait was expressed unilaterally in 26, i.e. 25 on the left and 1 on the right palm. For the 25 individuals lacking triradius d on the left palm only, the termination of main line D was examined on the opposite palm (Table 4) . As no sex difference was found in the frequencies of D-line exits, male and female data were pooled. On 17 out of 25 right palms (68~), main line D ended in the interdigital area IV (position 7), and the frequency was significantly higher than in the combined suNects of this study, 26.2~ (z~= 22.21, p<0.001). On the contrary, the frequency of main line D ending in the interdigital area II (position 11) was 1 (4~o), which was significantly lower than in the combined subjects, 33.9~ (z2= 8.61 after Yates' correction, p<0.01). The terminals of main line D were examined on both palms of the non-affected twin for the 10 MZ and 5 DZ twin pairs in which the trait was expressed on only the left palm of one of twins (Table 4) . On the left palm, homologous to the affected palm of the index twin, main line D ended in the interdigital area IV on 8 out of 10 palms (80~o) for MZ and on all of 5 (100~o) for DZ twins. On the right palm, heterologous to the affected palm, the frequency was 5 (50~) for MZ and 2 (40~o) for DZ twins. These values are higher than those of the combined subjects of this study, i.e. 42.5~ on the left and 26.2~ on the right palm. The frequency of main line D ending in the interdigital area Ii was zero for both MZ and DZ twins on the homologous palm, and 1 for each (10~ and 20~, respectively) on the heterologous palm. These frequencies are less than those observed in the combined subjects of this study, i.e. 16.7~ on the left and 33.9~ on the right palm.
Thus, when triradius d is absent, the termination of main line D tends to shift towards the ulnar side, i.e. from the II to IV interdigitaI area on the opposite palm of the same individual as well as on the homologous and heterologous palms of the co-twin.
The D-line terminals were also examined in 8 pairs of parents and 5 pairs of twins whose child or parent lacked triradius d. The frequencies did not differ from the combined subject s (Table 4) , and the Shift of main line D described above was not observed, probably because of the small sample size. Holt and Sharma (1977) reported two Indian sisters with the absence of triradius d and suggested the possibility of inheritance by a rare recessive gene. Presenting a large Iraqui family in which a father and his daughter possessed the absence of triradius d, Abdullah (1979) suggested that the simple Mendelian dominant inheritance is unlikely. Recently, Wertelecki et al. (1980) reported a sibship of American blacks in which 2 brothers of 5 sibs had the trait, and gave support to the suggestions that this trait is genetically determined. However, other family studies have failed to reveal the recurrence of absent triradius d, though the relatives of the probands were examined, i.e. the parents and grandparents of a female proband (Hajn and Pospisil, 1971) ; 10 relatives, including a MZ twin brother, of 4 probands (David, 1978) , and three generations of relatives of a female proband (Roche et al., 1979) . Thus, the genetic basis of this rare condition remains uncertain.
DISCUSSION
In the present study, the absence of triradius d was found in both a parent and a child in 2 out of 418 families, and the recurrence ratios both in children and in parents of affected individuals are higher than in those of unaffected, indicating that the occttrrence of this condition is genetically determined. However, the ratios are not high enough to support the mode of dominant inheritance with high penetrance. Nor was inheritance by a recessive gene confirmed, since the condition was not recognized in the co-twin of the probands in 6 DZ pairs. On the other hand, strong environmental effects are suggested, because the concordance rate in MZ twins (2 out of 13) showed a highly reduced penetrance. Though a possibility of dominant inheritance with a highly reduced penetrance is not to be excluded, the mode of inheritance cannot be determined from the present observations.
On the other hand, the association of the absent triradius d with the termination of main line D was suggested. When triradius d is absent, the ending of main line D in the interdigital area IV increases on the opposite palm of the same individual and on the homologous and heterologous palms of the co-twin, and both of these characteristics appear more frequently on the left palm than on the right. From these results, it appears likely that these two characteristics are related in their manifestation by some common factors involving genetic backgrounds.
The frequency of absent triradius d in the Japanese was 0.9~ on the left and 0.1~ on the right palm in this study, and 0.6~ and 0.2~, respectively, in the study on 2,500 subjects by Kasai (1951) . in Caucasoids, the frequency was zero on the 1eft and 0.2~ on the right palm in 1,281 Germans (Cummins and Midlo, 1961) , and 0.2~ and 0.1~ in 4,360 British subjects (Dennis and Sunderland, 1979) . From these data obtained from large samples, this trait is believed to be more common among Mongoloids than among Caucasoids, as Sharma (i979) assumed. Besides, there are some cases reported in other Asian populations, including 3 Korean subjects (Keith, 1924) and 1 Philippine Igorot (Wilder, 1930) . The racial difference in the frequency of this trait can be associated with that of D-line exits, i.e. the D-line ending in the interdigital area IV appears more frequently in Mongoloids than in Caucasoids. This may be an indication of the racial difference in the liability for the occurrence of absent triradius d.
